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Introduction
Since the turn of the century, the Ethiopian economy has experienced strong economic growth and structural improvements. Rapid infrastructure growth, increased agricultural production and commercialization, better-functioning food markets, and a strong social safety net programme are all part of the changing economic landscape (Dorosh and Schmidt 2010) that is likely to have paid dividends in terms of poverty reduction. Yet measuring these dividends in Ethiopia is complicated by conceptual and practical data-related issues. This is not surprising given the complexity of measuring poverty in a manner that is consistent over time and space, yet is also sensitive to local conditions. There are two important measurement issues related to the consistency and specificity of poverty estimates over time and space. First, evidence that differing commodity lists (Pradhan 2000) and recall periods (Scott and Amenuvegbe 1990) affect the levels of reported consumption from household surveys highlights the importance of the comparability of the data used to construct nominal household consumption aggregates. Second, the appropriate estimation of poverty lines is also essential not only as a poverty threshold, but also as a cost of living index that allows interpersonal welfare comparisons when the costs of consuming basic needs vary over time and space (Ravallion 1998 ). The challenge is to estimate poverty lines that are consistent over time and space (i.e. the reference standard of living is fixed), and yet are also characterized by specificity in which the poverty lines reflect local consumption patterns and norms (Ravallion and Bidani 1994) .
The purpose of this paper is to describe how the standardized Poverty Line Estimation Analytical Software (PLEASe) computer code stream based on Arndt and Simler's (2010) utilityconsistent (UC) approach to measuring consumption poverty can be adapted in order to analyse poverty in Ethiopia in 2000, 2005, and 2011 . We document how the UC approach to spatial deflation differs from the approach undertaken by the national statistical office to produce the official poverty estimates (i.e. using consumer price indices), and how the trends in these estimates differ. Further, we highlight the importance of accounting for changes in the duration and time of year for data collection, and how this can be especially problematic for consistency in the presence of annual inflation of over 30 per cent. In addition, the Ethiopia case provides an example of the challenge of conducting revealed preference tests of the utility consistency of regionally estimated poverty lines (i.e. do the consumption patterns in other spatial domains cost no less than the own-domain consumption patterns when both are evaluated at own-domain prices) when spatial consumption patterns differ substantially.
The structure of this paper is as follows. In Section 2, we elaborate on the methodology and describe the primary data sources. Section 3 describes how the data were prepared for the exercise and how the PLEASe code was adapted for these data. In Section 4, we present the estimates of poverty based on the UC approach to calculating poverty lines, and explore the differences between these estimates and the original estimates made by the Ethopian Central Statistics Agency (CSA) (MoFED 2008 (MoFED , 2012 . Section 5 provides concluding remarks.
2

Methodology and data
In this section, we briefly describe the methodology and primary data sources used to measure poverty and inequality in a manner that is consistent over time and space, and which is specific to local consumption patterns and norms.
Methodology
As with any analysis of poverty, choices need to be made regarding (i) the welfare indicator, (ii) the threshold between the poor and the non-poor, and (iii) the measure of poverty. First, in this particular analysis, we concentrate on a money measure of welfare-per capita household consumption. The household consumption aggregate that we use as our welfare indicator is constructed in a standard manner by aggregating food and non-food expenditures, the estimated value of own produced food and non-food items and of in-kind payments, gifts received, and the estimated use value of durable goods and housing (Deaton and Zaidi 2002) .
Second, with regard to the poverty threshold, we estimate poverty lines 1 for 20 spatial domains in Ethiopia (Addis Ababa, Harari, and urban and rural areas for the Afar, Amhara, BenishangulGumuz, Dire Dawa, Gambella, Oromiya, SNNP, Somali, and Tigray regions). Food poverty lines are estimated first, and are anchored to calorie requirements that are calculated for purposes of specificity separately for each domain based on the demographic structure and fertility patterns in the domain. This is a departure from the common practice for poverty analysis in Ethiopia of using a standard requirement of 2,200 calories per person per day, with the poverty line calculated in 1995/96 and adjusted for inflation for analysis in later years. An iterative approach is used to find the least cost consumption bundle that meets domain-specific calorie requirements and that reflects consumption patterns of the poor in the spatial domain. This provides specific initial estimates of the food poverty lines. Revealed preference tests are then conducted to test the utility consistency of these poverty lines (i.e. do the consumption patterns in other spatial domains cost no less than the own-domain consumption patterns when both are evaluated at own-domain prices). When the tests are violated, maximum entropy methods are used to reconcile the differences so that domain specificity is maintained in the new poverty lines, while utility consistency is not violated.
2 Once the region-specific food poverty lines are determined, they are scaled up by the share of non-food consumption representative of the households around the food poverty lines, to get the region-specific poverty lines.
With the welfare indicators and poverty lines in hand, we primarily employ the Foster-Greer- Thorbecke (1984) class of poverty indices to measure levels and changes in poverty. We also move beyond the use of poverty indices to analyse changes in poverty by employing standard tests of stochastic dominance. In order to do this, we note that poverty lines are more than poverty thresholds; they also serve as cost of living indexes that allow interpersonal welfare comparisons. As such, we use the poverty lines to map nominal household consumption to real household consumption using indexes constructed from these poverty lines (Blackorby and Donaldson 1987) . Once mapped into comparable real values, the distributions of household consumption are then used to conduct dominance tests and to measure inequality.
1 See Arndt and Simler (2010) and Arndt et al. (2013) for more details about the general procedure. The household consumption aggregates and poverty lines were calculated using the Poverty Line Construction Toolkit developed by Arndt et al. (2013) . 2 We note that revealed preference conditions should also hold over time (i.e. do the consumption patterns in the same spatial domain but in different time periods cost no less than the own-domain consumption patterns at a specific time when both are evaluated at own-domain prices for that specific time). When these conditions are violated over time, similar maximum entropy methods can be used to reconcile the differences (Arndt and Simler 2010) .
Data
The primary data sources used in this analysis are the 1999/2000 (hereafter 2000), 2004/05 (hereafter 2005) , and 2010/11 (hereafter 2011) Ethiopia Household Income, Consumption and Expenditure Surveys (HICES). The HICES, conducted by the Central Statistical Agency (CSA), are nationally representative stratified and clustered surveys that contain information on household characteristics, expenditure, activities, and infrastructure. The main objective of the HICES was to provide data on levels, distributions, and patterns of household income, consumption, and expenditures.
Given that the HICES are used to construct the household consumption aggregates for the analysis of monetary poverty, it is important to be aware of comparability issues related to them. Coverage of the three surveys is similar (major urban areas, rural regions, and other urban areas), and although the sample sizes grew from 17,332, to 21,274, to 27,830, for the 2000, 2005 , and 2011 surveys, respectively, this is unlikely to affect the comparability of the welfare measures over time. There are, however, other differences in the data collection method that may be problematic. First, although the questionnaires are nearly identical, the item codes used for the expenditure/consumption recall differed for each of the three years. For example, the numbers of food codes used in the data collection process were 252, 872, and 653 in the 2000, 2005, and 2011 surveys respectively. Evidence that more detailed lists of commodity items are associated with higher levels of reported consumption from household surveys (Pradhan 2000) warrants care in interpreting changes in poverty given that the household consumption aggregates may not be entirely comparable.
Second, the change in the data collection period complicates comparability due to issues of seasonality and inflation. The 2000 and 2005 surveys were conducted in two relatively short and similarly timed rounds (July-August and January-February) during low inflation periods, whereas the 2011 survey was conducted over the course of a year (8 July 2010 to 7 July 2011) that was characterized by inflation of over 30 per cent. 3 Further, it is difficult to gauge the consequences that seasonal variation in consumption patterns may have on the comparability of the 2011 consumption aggregate relative to the aggregates from the earlier surveys. As a form of sensitivity analysis, we estimated poverty lines on the subset of the sample of households in the 2011 survey who were interviewed in the same quarters as those in the 2000 and 2005 surveys. Although the poverty estimates from this subsample do not differ substantively from those of the full sample, we remain cautious about interpreting changes in poverty between these surveys.
3
Application of PLEASe
Data preparation
The bulk of the work in applying PLEASe to the Ethiopia household survey data was related to preparing the data themselves. The PLEASe manual (Arndt et al. 2013 ) provides guidance for creating standard datafiles with common variable names. We therefore do not elaborate on this here. But it is worth emphasizing that in following the manual it is important to pay close attention to the units (e.g. daily and metric) and to item codes when preparing the data as these have the potential to be an unnecessary source of error. In addition, certain country-specific decisions need to be made in the process of preparing the data.
For Ethiopia, the choice of the spatial domains ('spdomain' in 'hhdata.dta') and the number of iterations used to calculate initial poverty lines were complicated by convergence problems encountered when running the PLEASe code on the 2011 data. Initially, the domains were defined over the urban and rural areas in the chartered city of Dire Dawa and the nine ethnically based and politically autonomous regional states, as well as the chartered city of Addis Ababa (only urban). But when the PLEASe code was run on the 2011 data, the programme encountered problems while iterating over the poverty lines that would then be used to prepare the data for the revealed preference tests. As noted in Arndt et al. (2013) , the programme estimates initial poverty lines by valuing the minimum cost of consuming domain-specific calorie requirements based on the consumption patterns of the poorest X per cent households in each domain, where X is defined by the user. This process is repeated over five iterations using the poverty lines from the previous iteration as the thresholds for determining the consumption patterns of the poor households. Five iterations generally result in poverty lines and consumption patterns that converge to steady values. In some spatial domains (e.g. rural and urban Benshangul, rural Gambella, and rural and urban Harari), however, poverty dropped so low after the second iteration that there were too few poor households to calculate poverty lines. In particular, when price observations for valuing the consumption patterns of the poor households are based on only a few observations, they are dropped. Consequently, the price files for these domains were empty and food poverty lines could not be calculated. It is not clear why the data led to this problem, but two adjustments proved sufficient to resolve it. First, the convergence process was limited to one iteration. We discuss the implications of this below in the description of the PLEASe code preparation. Second, the rural and urban areas of Harari were merged into one spatial domain. Given the relatively small spatial area that makes up Harari, this is defensible. As a consequence of the latter adjustment, we ended up with 20 spatial domains (except for the 2005 data in which there were 18 spatial domains because there was no data for urban and rural areas of Gambella).
PLEASe code preparation
Once the data were appropriately formatted and were sufficiently cleaned, the next step was to adjust the PLEASe code for the Ethiopia case. This involved adjusting two Stata do-files located in the PLEASe directory for each survey year entitled 'new'. Each of these files is addressed in turn.
1. '000_boom.do':
Aside from setting the path so that Stata recognized the locations of the various files on the analysts' computers, the 'year' needed to be set for each of the three years of the analysis. It is worth noting here that intertemporal (between survey years) revealed preference tests cannot be conducted with these data since the number of food codes changed each year (see Section 2.2). As such, the numerical value for the variable in the PLEASe code that indicates the previous year ('prevyear') was left blank:
This is an important file that defines the parameters and code options used in the remainder of the PLEASe code. The instructions in this file are self-explanatory, but it is worth noting that 'spdom_n' was set to 20 to reflect the number of spatial domains and to correspond to the numbers in the 'spdomain' variable.
As noted previously, one of the adjustments made in order to address the convergence problems in the 2011 data was to limit the convergence process to one iteration. This is done in the '010_initial.do' file by setting it_n' to 1. As a consequence of this, care must be taken in setting the initial quantile that defines the poor for purposes of estimating the minimum cost of consuming domain-specific calorie requirements for the food poverty line. Poverty line estimates can be sensitive to this initial threshold. Thus for the 2011 data, we cautiously set this threshold equal to the 40 percentile… global bottom '40'
The rationale for using this particular threshold was the combination of a national poverty estimate of 46.0 per cent poor in 2005 using the PLEASe code combined with indications of considerable growth between 2005 and 2011 (see Figure 1 ). Using 46.0 per cent from 2005 appeared to be too high, while using the CSA estimate for 2011 of 29.6 was likely to result in low estimates of poverty that would be open to criticism. A conservative threshold of 40 per cent is a reasonable compromise.
Poverty estimates
Based on UC poverty lines derived from application of the PLEASe code to the HICES data, we find that poverty rates in Ethiopia at the turn of the century were high, but that they fell substantially by 2011 (Table 1) These UC poverty estimates differ considerably from CSA's original estimates (MoFED 2008 (MoFED , 2012 . As illustrated in Table 1 , the original national headcount ratio estimates are lower than the UC estimates by 2.6 percentage points for 2000 and by 7.3 percentage points in 2005, and they are higher by 5.8 percentage points for 2011. The urban UC poverty estimates are all lower than the CSA estimates, while the rural UC estimates are higher for 2000 and 2005 and are nearly identical for 2011. Although the patterns are the same for the depth and severity of poverty, the differences are less stark.
Both approaches indicate that poverty fell substantially in Ethiopia over the course of the 2000s. But the UC poverty estimates suggest that poverty fell by even more than the original CSA estimates did despite using a higher initial cut-off of 40 per cent for 2011 (see Section 3). It is worth noting, however, that the differences in the estimated declines are greater for the headcount ratios than for the distribution sensitive poverty measures, suggesting that the two approaches estimate spatially price-adjusted real household consumption that are more similar at the lower end of the distribution than around the poverty line.
What accounts for these differences? Both approaches use similar methods to construct the nominal household consumption aggregate (Deaton and Zaidi 2002) , and indeed the nominal household consumption aggregates are themselves similar. The source of the differences thus follows from the handling of the poverty lines and deflation. As shown in Table 2 , and 2011 regionally deflated household consumption aggregates to calculate poverty. The consumption aggregates were regionally deflated using price indices calculated in each stratum relative to the consumption basket for the capital (Addis Ababa) using the maximum number of common items (i.e. items consumed in all of the strata). This differs from the UC approach in that the latter estimates poverty lines for each region for each year and relies on revealed preference tests and maximum entropy methods to maintain consistency.
Further, the original 1995/96 national food poverty line, which forms the basis of the national poverty line, was estimated as the cost of consuming 2,200 calories per adult per day based on the consumption patterns of poor households ranked by the consumption aggregate. This also differs from the UC approach, which does not fix the calorie requirements to be the same across all regions. Rather it allows the demographic characteristics of the particular region to dictate the differing calorie requirements. In particular, it calculates the average calorie requirements in a spatial domain for people of all ages, not just adults. As illustrated in Table 3 , the UC minimum calorie requirements differ across regions and range from 114 calories, higher than the CSAstandard 2,200, to 82 calories lower. One would thus expect, ceteris paribus, that the UC poverty lines would be higher than the original when the minimum calorie requirement of the former is greater than 2,200, given that the former is based on the estimated cost of acquiring more calories than the latter. Conversely, one would expect the UC poverty lines to be lower when the UC minimum calorie requirement is less than 2,200. This, however, is only the case for half of the comparisons.
The source of the differences in the UC and CSA poverty lines thus must also follow from the composition of the basket used to value the region-specific calorie requirements. Unfortunately, the original code used to construct the 1995/96 poverty line and regional deflators is not available. Thus, we cannot compare the consumption baskets used to create the UC poverty lines with the original from 1995/96. But the food consumption baskets derived from the UC approach shown in Table 4 give an indication of how the baskets differ substantially over the spatial domains in the 2011, including urban and rural areas within regions. Given that the CSA poverty lines are defined over the regions (urban and rural combined), not over these more disaggregated spatial domains, differences in food consumption baskets are likely to be an important contributor to the different poverty line estimates.
5
Concluding remarks
This paper describes the application to Ethopia of the standardized PLEASe computer code stream based on Arndt and Simler's (2010) UC approach to measuring consumption poverty. In doing so, we highlight the importance of adapting the code stream to address changes in data collection periods and strata for the respective surveys over time. Indeed, changes in the duration and time of year for data collection can be especially problematic for consistency in the presence of annual inflation of over 30 per cent. In addition, the Ethiopia case provides an example of how to address convergence problems encountered when running the PLEASe code. Careful consolidation of spatial domains and limiting the number of iterations in the estimation of poverty lines are potential solutions.
According to our estimates using UC poverty lines from the application of the PLEASe code stream, national poverty fell from 46. Although the patterns of decline in poverty, as estimated using UC poverty lines, are similar to those from the original CSA estimates, the UC poverty estimates fell by even more than the CSA estimates did. These differences stem from the handling of the poverty lines and deflation. Unlike the CSA approach that maintains consistency over time by using the 1995 poverty line as a benchmark and scales it up to 2000, 2005, and 2011 , prices using the CPI-the UC approach-estimates poverty lines for each region for each year and relies on revealed preference tests and maximum entropy methods to maintain consistency. Although differing region-specific calorie requirements contribute partly to the disparity among the poverty lines of the two approaches, the differing compositions of the baskets used to value these calorie requirements likely played a more important role. The specificity of these UC weights, based on consumption patterns of the poor in the spatial domains, is a strength of this approach compared to the previous approach taken by CSA. 
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